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Abstract 
 
Estimation of time since death is an important variable when 
investigating legal cases involving decomposing human remains; 
however it has been sparsely studied in controlled environments.  
Decomposition rates are largely influenced by external factors with 
temperature being the most critical factor.  The decomposition rates 
can also be influenced by insect infestation, chemical residues, and 
burial, yet little research has been conducted to document how various 
factors alter the rate and process of decomposition.  A common 
occurrence at human remains recovery sites is the deposit of residues 
from criminal activities such as gunpowder and explosives. This 
experiment will look at gunpowder residue’s effects on porcine remains 
and the insect infestation after exposure. This study was conducted in 
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two phases: the 1st experiment being conducted in the late spring and 
the 2nd in the early fall. For each experiment two carcasses were 
covered with gunpowder residue while one carcass served as a control 
(no residue). The physical decomposition processes as well as ambient 
temperature were documented for each carcass. The results for the 
study showed variable findings between the control and experimental 
subjects.  The insect infestation of the remains was consistent with the 
data from previous entomological studies conducted from areas of 
similar climate and terrain. Factors that may have influenced the 
results are discussed in reference to the effects of the gunpowder 
residue on the decomposing remains.  
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CHAPTER 1: Introduction and Literature 
FORENSIC ANTHROPOLOGY 
Forensic anthropology is generally described as the scientific 
application of physical anthropology in the potential identification of 
human remains in a legal context (Reichs, 1998). This forensic 
identification process of the skeletal remains is studied, analyzed and 
documented by the forensic anthropologist to estimate several factors; 
human or non-human, one or more bodies, and the creation of a 
biological profile. To the latter, the forensic anthropologist 
approximates age, sex, ancestry, stature and if any perimortem 
trauma is observed on the badly decomposed or skeletal remains of 
the individual (Byers, 2008).  These scientifically accepted techniques 
of forensic anthropology assist responding law enforcement personnel 
at human remains recovery scenes in the detection of criminal 
evidence relating to the cause and manner of death. Utilizing the 
abilities of a forensic anthropologist in the locating and collection of 
human remains can significantly assist law enforcement investigators 
to possibly identify the recovered remains and to establish a sequence 
of events associated with the victim’s death (Pickering et al., 2009).  
Forensic anthropologists often are utilized to examine decomposing 
remains, skeletal remains and the associated trauma to remains in the 
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medico-legal process.  A forensic anthropologist is often called upon to 
testify to their findings in a court of law as an expert witness 
(Dirkmaat et al., 2008). 
 Often the most significant piece of measurable data that the 
medico-legal authorities are seeking at the recovery site is the 
estimation of time since death, or the postmortem interval (PMI).  
Determining the postmortem interval may assist in the investigation to 
determine who was or was not involved in the homicide (Megyesi et 
al., 2005).  Establishing PMI for victims of unexplained deaths assists 
the investigator in estimating perimortem events (Gerberth, 2007).  
The PMI provides situational specific information regarding the 
time since death which can be often used during interviewing 
techniques to evaluate potential incriminating statements made by a 
person of interest in criminal investigations (Goff, 2000).   The forensic 
anthropologist documents and studies various factors in estimating the 
forensic identification of skeletonized, decomposed, or unidentified 
victims.   In studying the progression of soft tissue decomposition such 
factors as the state of the recovered remains (Love and Marks, 2003), 
temperature, location and environment of the remains (Mann et al., 
1990), insect infestation and carnivore activity are all unique factors 
that have a significant implication on the rate and process and can 
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impact the probability of determining the identity of the deceased 
individual. In examining the recognized sequence of insect infestation 
and the growth stages of larvae, approximations can be made 
regarding the PMI as the remains go through the decomposition 
process. The difference in the sequence of insect arrival onto the 
carrion is the access to the carcass (Mann et al., 1990) (Amendt et al., 
2007). 
 
Decomposition 
An attempt at examining the method of human decomposition 
and the contributing variables that may change the rates of 
decomposition are often the combined purpose of the forensic 
anthropologist, the forensic pathologist and the forensic entomologist. 
These individuals can give important scientific information regarding 
the forensic data that has been gathered and examined concerning the 
rate of decomposition in humans and non-human remains.  This vital 
collection of data is very important for forensic evidence in homicide 
investigations (Bass and Meadows, 1990). 
Decomposition is defined as the continuous progress in the 
degradation of remains by microbiological substances and progressive 
events from the fresh stage of the carcass leading to skeletal remains 
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and ultimately the breakdown of the bone (Marks et al., 2003).  The 
process of decomposition starts almost immediately at the individual’s 
death and ultimately leads to autolysis and cellular death.  The internal 
decomposition process of autolysis is scientifically noted as the earliest 
biochemical mechanism causing cell death along with other cellular 
degradation in the carcass.   The progression in which the primary soft 
tissues of the remains decompose is documented by Gill-King (1997); 
the remains begin the decomposition process in the progressive 
sequence from the intestines, stomach, accessory organs of digestion, 
heart, blood, circulation, heart muscle, air passages, lungs, kidneys, 
bladder, brain, nervous tissue, skeletal muscle, connective tissue and 
integument.   As the body starts to decompose, the mechanism of 
autolysis and cell death degrades the skin tissue and causes the skin 
to change to a pale color. This decomposition of the skin tissue 
between the epidermis and dermis results in the loss of the epidermal 
layer or skin slippage on the remains.   
Other observed decomposition processes on the body’s exterior 
include algor mortis, livor mortis and rigor mortis.  Algor mortis is the 
gradual cooling of the remains to ambient temperature.  At biological 
death the carcass decreases temperature at a rate of 1.5˚F per hour 
(Henssge et al., 1995) but utilizing this to approximate the PMI is not 
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as reliable since there is no consistency in the rate of cooling in this 
gradual cooling process.  Livor mortis is defined as the gravitational 
settling of blood in the capillaries exhibited by a discoloration in the 
body.  This can be physically noted approximately between one and 
two hours postmortem with fixed lividity appearing between eight and 
twelve hours postmortem (Clark et al., 1997; Coe 1993; DiMiao and 
DiMiao, 2001).  Once lividity has become fixed, it ceases to be utilized 
in the estimation of time since death.  The process of rigor mortis 
starts approximately one to two hours after individual’s death.  The 
muscle tissue becomes rigid from the biochemical binding of muscle 
fibers with full rigidity, dependent on environmental conditions by 
twelve hours (Clark et al., 1997; DiMiao and DiMiao 2001; Knight 
1996; Spitz 1993).  It has been reported that environmental 
temperature and the metabolic activity at the time of death can 
approximate the start and the interval of rigor mortis (Gill-King, 
1997). 
The biochemical byproducts derived from the autolysis 
degradation reaction result in the progression of putrefaction, causing 
soft tissue decomposition from its own internal micro-organisms. The 
first presence of autolysis starts in the cecum and results in a 
discoloration of the body’s skin in the lower right abdomen. This 
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discoloration progressively alters the color of the skin and finally 
spreads through the whole body causing a “marbling” effect. (Marks et 
al., 2000; Marks et al., 2003; Vass et al., 2001).  The buildup of 
internal intestinal gases that collect in the abdomen cause bloating, 
the releasing of volatile fatty acids, and a purge from the remains 
cause the active decay process to start (Vass et al., 2002). Forensic 
anthropologist and forensic entomologist utilize the putrefaction 
changes in the carcass to approximate the time since death but many 
factors such as the environmental conditions and the remains itself can 
cause difficulty in the estimation of the time since death (Knight 1996, 
Campobasso et al., 2001).  The putrefaction stages are documented as 
discoloration, bloating, liquefaction, advanced decay or skeletonization 
and are defined as points to assist in the estimation of time since 
death. It is vital to realize there is no clear chronological point of when 
one phase terminates and the other phase begins. 
The five decomposition stages are routinely described: fresh, 
bloat, active decay, advanced or post-decay, and dry decay (Gennard, 
2007).  The decomposition stages are identified by the observable 
physical alterations to the condition of the remains.  An insect 
succession pattern develops as various carrion insects are attracted to 
the differing biological, chemical and physical changes a body 
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undergoes during the decomposition stages (Megyesi et al., 2005; 
Payne, 1965). 
 
Fresh Stage 
The fresh stage of carcass decomposition is characterized as the 
interval between the time since death and when the first indications of 
bloating become observable.  There are no external markers of 
physical change, though micro-organisms have started to feed on 
internal soft tissues.  No odor is detected in the fresh stage. Initial 
postmortem changes, utilized by medico-legal experts as biomedical 
designators for early postmortem interval estimations (PMI), have 
been described by Goff (2009) and include livor mortis, rigor mortis 
and algor mortis. 
 
Bloat Stage 
The initial sign of bloating is a minor inflation of the abdomen 
and some blood bubbles often located in the nasal aperture. 
Postmortem activity of the internal micro-organisms in the abdomen 
helps to produce intestinal gases, which gather and result in abdominal 
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bloating. A change in skin color is noted in the body’s flesh, along with 
the appearance of marbling. The body’s bloating produces a 
putrefaction odor which becomes stronger during this stage (Vass, et 
al., 2002). 
 
Active Decay Stage 
Active decay in the carcass has a wet appearance caused by the 
liquefaction of internal soft tissues. A strong putrefaction odor is 
produced by the remains (Anderson et al., 1996) 
 
Advanced Decay Stage 
The majority of flesh is stripped from the body during the 
advanced decay stage, though some soft tissue may be present in the 
abdominal cavity. Strong decomposition odors cease during this stage 
(Payne, 1965). 
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Dry Decay Stage 
The last stage of decomposition is dry decay. Payne (1965) 
documented six decomposition stages, the last two being dry and 
decay. As the last two are difficult to tell apart, many insect 
experiments combine the stages into a one last stage. Very little is left 
of the soft tissues in this stage, mostly bones, cartilage and small 
parts of desiccated skin. There is very little to no odor produced by the 
carcass (Anderson et al., 1996; Grassberger, 2004).  Any smell 
detected may vary from that of dried skin to the smell of wet fur 
(Payne, 1965).  
 
Clothing and Chemicals 
Wraps, coverings, and clothing have demonstrated an effect on 
the decomposition rate when the body is encased by some type of 
physical barrier. Wraps, such as tightly wound tarps can hasten the 
decay stages during warmer temperatures when the body is located 
outside. The state of the remains, whether in clothing, located in a 
sealed container, buried, embalmed, chemically changed, or wrapped 
may be a factor affecting the difference in the sequence of insect 
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accession to the remains.  An experiment was performed on clothed 
remains where the clothing acted as a barrier and slowed the 
decomposition rate (Voss et al., 2011). 
 
Physical and Chemical Barriers 
The variables accompanying the decomposing bodies can affect 
the postmortem decay rate.  Campobasso and coworkers, (2001) 
documented variables such as age, temperature, weight, septic 
infections, skin lacerations, ventilation, air humidity, and clothing as 
possible inhibitors or accelerants to the decomposition events in 
surface or buried bodies. Physical obstacles or barriers such as burial, 
sealed coffin, or a sealed container can deny access of insects to the 
remains. Chemical barriers such as the embalming chemicals, residual 
chemicals, and insecticides on or near the body can also suppress the 
start of insect infestation on a decomposing carcass for an interval of 
time but should not permanently delay the colonization of the remains 
by insects.   
Gunatilake and Goff (1989) documented that insect larvae can 
live on a carcass covered with insecticides in concentrations that the 
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mature insect of the same species would not survive.  If the remains 
have been treated with certain chemicals, insects will avoid it. For 
example, a complete hand surgically taken from the remains for 
fingerprint identification and placed in a container of formalin will not 
attract insects. When the hand was returned to the still decomposing 
body, the maggots would still not feed on it, (Mann et al., 1990).  
Additional external variables such as pH of the soil, trauma to 
the remains, carnivore activity, size and mass of the body, type of 
surface that the body has been deposited on, and if the body has been 
frozen will affect the rate of the decomposition process (Micozzi, 
1986). Shean and coworkers (1993) recorded the process of 
decomposition on two pig carcasses, one sun exposed and the other 
placed in the shade, and the differing decomposition rates for each 
pig. The sun exposed pig carcass decomposed faster than the pig 
carcass placed in the shaded environment. Maximum and minimum 
environmental temperatures for the length of the experiment were 
gathered from the National Weather Service.  Maggot mass 
temperature; the affect of elevated temperatures and/or direct sun on 
the remains acted as a stimulus for maggot growth and activity 
resulting in a faster decomposition rate (Shean et al., 1993)  
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A similar experiment by Joy and coworkers (2006) deposited two 
pig carcasses in sunny and shaded areas during September 2003 and 
May 2004.  The experiment recorded raised decomposition rates in 
higher versus lower environmental temperatures and for sun exposed 
versus shaded pig carcasses. 
Chapter 2: FORENSIC ENTOMOLOGY  
 
 
 Medico-legal forensic entomology is the examination of insect 
infestation accompanying a deceased body (Goff, 2009). Insects are 
often attracted to bodies almost immediately after death depending on 
the environmental temperature. The insects may land in as little as ten 
minutes after an individual’s death (Goff, 2009). Forensic 
entomologists are routinely summoned to estimate the postmortem 
interval (PMI) or "time since death" in postmortem investigations.   
 In the estimation of the PMI, there are a variety of variables to 
evaluate: activity of insects in severe weather and at night; start of 
blow fly infestation; comingled insect populations and staggered 
offspring; seasonal effects on maggot-generated heat; effect of 
maggot-generated heat; impact of insects arriving out of order; effect 
of poisons, chemicals and drugs on maggot growth. The main insect 
utilized to help estimate time since death or PMI is the larval phase of 
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blow flies (Diptera: Calliphoridae) and flesh flies (Sarcophagidae). The 
speed of larval growth and the type of fly species which are removed 
from the carcass are utilized by the forensic entomologist in estimating 
the time since death.  Blow flies that are quickly attracted to a freshly 
deposited carcass may not lay eggs but may enter a preovipositional 
stage (Norris, 1985).   
 PMI estimation necessitates utilizing the maximum and minimal 
probable interval of time since death and the body’s discovery.  The 
maximum interval of time is estimated by the insects noted and 
determining the weather conditions available for the activity of those 
specific insect species. Warmer ambient temperatures cause the 
insects to be more active.  Using the weather conditions and the habits 
of different species can result in an estimation of the earliest time of 
corpse exposure.  The minimal limit is determined by utilizing the age 
of developing larvae insects at the time body is found.  In addition to 
this is the influence of climate, season, weather and location. (Catts, 
1992) 
 The forensic entomologist approximates a part of the postmortem 
interval (PMI) based on the age of the insect community found on the 
body.  This forensic insect-based estimation is most frequently called 
the "time since colonization".  It has been noted that insects are the 
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first to locate a body and arrive in a known order. The forensic 
entomologist can examine the insect succession in estimating PMI 
since various species of insects are drawn to different decomposition 
stages (Anderson et al., 1996).  The environment and insect variables 
in a particular crime scene investigation may or may not closely 
estimate the complete postmortem interval.  The insect species on the 
carcass and their intervals of succession differ with geographical 
locations (Catts, 1992; Goff, 1993; Anderson et al., 2002). 
It is the responsibility of the forensic pathologist, medical 
examiner, or coroner to approximate the postmortem interval or time 
since death, and the forensic entomologist to provide additional data 
on the "time since colonization", which can eventually be used to 
substantiate a part of the postmortem interval (Byrd and Castner, 
2000).  These unique biological indicators give the forensic 
entomologist the postmortem interval (PMI) estimation or the time 
since death (Byrd et al., 2010).  It is the utilization of insects that live 
on decomposing remains that aid the medico-legal investigators and 
the crime scene investigators (Catts and Goff, 1992).   The insects and 
their larvae are studied to estimate how long the remains have been 
inhabited since death. This forensic data is vital in estimating the 
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events prior to death, the victim’s last location, the victim’s 
acquaintances and the possible identity of the victim.  
Insect identifications within the field of forensic entomology are 
very important to forensic investigators in estimating PMI since insects 
colonize decomposing carcasses.  At the scene of the crime where the 
remains are located, carrion insects can be gathered from the remains 
and used to estimate the time since death.  The correct gathering and 
scientific examination of these insects can provide the medico-legal 
investigator data on whether the location of body deposition is a 
primary or secondary location and if the remains have been disturbed 
by carnivores or by humans (Anderson, 2000).  
In medico-legal investigations, insects can assist the crime scene 
investigators in unattended deaths with entomological artifacts.   
Numerous variables may severely suppress or enhance the succession 
of insect larvae when examining the remains and estimating the 
possible time of insect colonization. These variables include the state 
of the remains, whether they are in clothing, in a sealed container, 
buried, embalmed, chemically altered, or wrapped. These variables 
may be factors in identifying the species of insects and the sequence in 
which they develop on the carcass.   The types of insects found on the 
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carcass and their times of succession vary with geographical locations 
(Catts 1992, Goff 1993). 
There are unique biological interactions between the insects and 
the decomposing remains.   There are factors that are distinct to that 
specific environment and insect population. Within the insect 
community there will be special interactions with the decomposing 
remains and they will vary with different properties for the relationship 
and to the forensic investigation (Goff, 2009).  
 A large variety of insects are drawn to the body and they will 
finish their life cycles at a known rate within the decomposing carcass 
environment. Insects eventually change the condition of the body and 
inhabit the decomposing carcass at different intervals and different 
decomposition stages (Voss et al., 2011).  When the predictable order 
and patterns of insects colonizing a body is known, the growth ages of 
the larvae are gathered and an examination of the insect population on 
a body can then be utilized to estimate the PMI (Voss et al., 2011; 
Anderson et al., 1996).  
Byrd and coworkers, (2010) provided two scientific methods 
utilized in the estimation of PMI; one utilizes the growth rates of the 
initial insects to inhabit the body and the second is based on the 
alterations to the insect succession population over time. 
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The forensic entomologist utilizes insect succession, larvae 
weights, and larvae measurements and accumulated degree days 
(ADD) for the estimation of “time since colonization”.  Some insect 
species prefer unique environments for depositing their eggs in an 
outdoor or indoor habitat and can show certain preferences for 
remains in sun or shade conditions (Byrd et al., 2001). There are 
numerous variables pertaining to the state of the decomposing 
remains such as the type and coverage of external garments, freezing 
or wrapping of the body, and chemicals to mask the smell of the 
decomposing remains that can suppress the insects from depositing 
their eggs in their regular sequence and these will change both the 
succession of insects and their typical colonization time (Megyesi et 
al., 2005). 
Freezing or the covering of the body may be evident by a change 
of species colonization on the remains.  Any condition that may have 
halted the insects from depositing eggs in their normal interval will 
change both the succession of insect species and their usual 
colonization time.  This change of the standard insect succession and 
fauna should be known to the forensic entomologists if they are 
familiar with what would usually be gathered from remains in a specific 
environment or geographical region.  The total lack of insects might 
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suggest that the order of postmortem events indicate that the body 
was probably either frozen, sealed in a closed container, or deeply 
buried (Byrd and Castner, 2000). 
  Temperature can directly affect the putrefaction rate which 
directly interferes with the first insect infestation and the insect growth 
rate (Campobasso et al., 2001).  At the Anthropological Research 
Facility at the University of Tennessee in Knoxville, TN, studies have 
been performed with surface placed remains.  The experiments 
routinely showed that as temperatures increased the volume and types 
of insects on the remains and the resulting insect activity produced 
quicker decomposition. Similarly, the decay process decreased in the 
cold weather, resulting from reduced insect activity (Bass, 1997).    
Mann et al., (1990) reported that the second most vital factor 
after ambient temperature that affects the rate of decomposition on a 
human corpse is access to the remains by the insect succession.   
Access to the remains can greatly restrict which insects can populate 
the corpse.  Blow flies are drawn to the remains quickly after death by 
the decomposing odor and it has been documented that the blow flies 
can be drawn over great distances (Anderson and VanLaerhoven, 
1996, Catts, 1992; Hall 1991).   The blow flies are very active in laying 
eggs on the carcass during the day and usually decrease at night. 
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  The emanating odor from the remains progressively changes 
during the decomposition process resulting in various insects being 
drawn to the remains while other insects are less attracted. 
Oviposition starts by the emission of ammonia-rich compounds that 
are released as autolysis begins (Anderson, 2010).  Insect succession 
relies on numerous variables in relation to where the decomposing 
remains are located such as the geographical location, the seasonal 
effects, environmental temperature, regional plants and animals, 
weather conditions,  soil type, soil pH, clothing, burial type, mass of 
the remains, if the body was embalmed, burned, has soft tissue 
trauma , carnivore activity, and disarticulation (Haglund et al., 1990; 
Goff and Flynn, 1991; Haglund and Reay, 1993; Schoenly et al., 1991; 
and Mann et al., 1990). 
In entomological experiments, the five decomposition stages are 
routinely described: (1) fresh, (2) bloat, (3) active decay, (4) 
advanced or post-decay, and (5) dry remains (Anderson 1996; 
Gennard, 2007).   While the sequence of insect succession follows a 
known pattern, the limits of each decomposition stage will not 
necessarily match to a major alteration in the insect population. 
Therefore, the decomposition stages are marked by the physical 
changes to the condition of the remains, (Schoenly and Reid, 1987).  A 
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sequence of insect successions happens as various  insects are drawn 
to the different biological, chemical and physical reactions a carcass 
undergoes throughout the decomposition process (Anderson, 1996).   
 
Fresh Stage   
The first carrion insects to inhabit the decomposing body are 
usually Calliphoridae, routinely called blow flies. These flies have been 
documented to land within minutes of biological death and lay eggs 
within one to three hours. Mature flies of the species Sarcophagidae 
(flesh flies) and Muscidae are also seen in this initial decomposition 
stage. Initially, eggs are deposited in or around the natural openings 
of the head and anus, as well as at the location of any traumatic injury 
(Anderson, 1996). Depending on the decomposition rate and the 
growth rate of specific blow fly species, eggs may hatch and larvae 
may begin to feed on the soft tissues and decomposition fluids while 
the body is still in the fresh stage (Rodriguez and Bass, 1983). 
Mature ants are noted on the remains during this stage. Ants will 
feed on the flesh as well as the eggs and larvae of the first flies on the 
remains (Payne, 1965). 
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Bloat Stage 
Larvae are found in large masses during the bloat stage, while 
blow flies and flesh flies still deposit eggs. Insects of the species 
Piophilidae and Fanniidae colonize during this stage. Mature ants are 
noted to eat the eggs and fly larvae (Payne 1965; Grassberger, 2004). 
The initial species of Coleoptera colonizes during this 
decomposition stage, including members of the species Staphylinidae 
(rove beetles), Silphidae (carrion beetles) and Cleridae. The mature 
beetles are seen eating fly eggs and larvae (Anderson, 1996; Gennard, 
2007).  Beetles from the species Histeridae may also be documented 
during the bloat stage, and are often located beneath the remains 
(Payne, 1965; Grassberger, 2004).  
 
Active Decay Stage 
The start of active decay stage is indicated by the ending of the 
bloat stage as feeding Diptera larvae open the dermal layer and 
internal bloating gases are vented. During this stage the carcass has a 
moist appearance brought on by the liquefaction of soft tissues. Flesh 
from the anus and the head is stripped by feeding larvae (Payne, 
1965) and a strong putrefaction odor is linked to the body (Anderson, 
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1996). In the decomposition of the carcass, the volatile gases are 
vented which result in the blow flies being drawn to the natural orifices 
of the body which provide them with a moist, warm and sheltered area 
in which to oviposit (Simmons et al., 2010).   
 Calliphoridae larvae are the main feeding community of insects 
on the remains during this stage (Anderson, 1996). The start of larval 
activity targets the natural openings, which provide minimal resistance 
for access. In late stages of decomposition, when soft tissue has been 
stripped from the head and orifices, insect larvae become much more 
active in the thoracic and abdominal areas (Payne, 1965).  
 
Advanced Decay Stage 
The initial large migration of the third developmental stage of 
the calliphorid larvae from the body occurs during this stage. 
Piophilidae larvae may also be gathered from the remains (Anderson, 
1996; Grassberger, 2004).  Fewer adult Calliphoridae are drawn to the 
remains in the advanced decay stage. Mature Dermestidae inhabit the 
carcass (Grassberger, 2004) whereas larval stages are absent 
(Anderson, 1996).  
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Dry Decay 
The largest variation of insect species is documented to inhabit 
the remains in the latter dry decay stage (Payne, 1965; Anderson, 
1996). The dry decay stage is indicated by the progression from 
previously dominant insect populations to newer insect species (Payne, 
1965). A reduced number of adult Calliphorids are drawn to the 
remains during this stage (Grassberger, 2004), and adult Piophilids 
inhabit the carcass (Anderson G.S., 1996). The Dermestidae beetles 
migrate away from the carcass. Non-carrion insect species that 
populate the remains in the dry decay stage are centipedes, 
millipedes, isopods, snails and cockroaches (Payne, 1965). The beetles 
give important entomological information in forensic cases about the 
dry stage of decomposition. These beetles are also utilized in the 
minimum PMI estimation and their colonization can differ according to 
geographical locations (Kulshrestha et al., 2001). 
 
Variables Affecting Decomposition 
Knowledge about how the body decomposes and the variables 
that may change the decay rate is vital for homicide investigations. 
Campobasso et al., (2001) noted the variables that may suppress or 
enhance the succession of insects when estimating the time of insect 
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colonization. The complete or dismembered state of the victim’s body, 
clothing barrier, chemical alteration, temperature, surface placement 
or burial can affect the decomposition process. 
 
Temperature and Climate 
Decreased temperatures routinely lower the activity of blow flies 
and delay their first succession of the carcass. Elevated temperatures 
during the summer months enhance bigger maggot masses. Dry and 
windy locations can lead to the desiccation of a corpse. Dryness causes 
micro-organism growth to stop since there are reduced nutrients for 
the micro-organisms to digest. In studies using pigs that were placed 
in sunny and shaded environments, insect larvae were sampled from 
the carcasses and it was documented that more Calliphoridae species 
were found than that of the Sacrophagidae and also more of these 
insects were noted on the remains placed in the sun than those placed 
in the shade.  The ambient temperature and amount of rain greatly 
affected the decomposition stages, activity of insects and the number 
of insects (Lopes de Carvalho et al., 2001).  The results were close to 
those documented by Rodriquez and Bass (1983) at the University of 
Tennessee Anthropology Research Center where it was noted that 
insects vary in their use of the different resources offered by the 
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carcass.  If bodies are frozen before placement, there is little affect on 
the decomposition rate with respect to the insect colonization.  
Payne (1965) used still-born porcine carcasses (Sus scrofa 
Linnaeus) placed in plastic specimen bags and kept them frozen until 
they were ground deposited.  The remains were documented two 
times a day, at eight hour intervals.  These carcasses were deposited 
where insects had access to the remains.  The fetal carcasses were 
initially void of insects.  However, the frozen porcine carcasses started 
to thaw within five minutes after they were deposited on the ground.  
Within ten minutes, blow flies had landed and eggs were laid while the 
bodies were still mostly frozen.  Some of the remains took up to six 
hours to completely thaw. Several types of mature ants were eating 
and removing other insect eggs from the remains during the thawing 
period (Payne, 1965). 
In another study, initially frozen porcine carcasses showed 
aerobic decomposition while recently killed animals showed anaerobic 
decomposition. The initially frozen carcasses exhibited the same order, 
but faster rates, of disarticulation (Micozzi, 1986).  Archer (2004) 
reported that previously frozen animals produced a changed rate of 
decomposition sequence by destroying intestinal micro-organisms and 
damaging soft tissue. 
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Access 
The amount of access to the remains can restrict the insects’ 
ability to get to the carcass to deposit eggs. Bodies located in well lit 
locations are usually colonized by Lucilia illustris (green blow fly). This 
result is opposite to Phormia regina (black bottle fly), which likes 
darker locations. Darkness, lower temperatures, and rainfall can 
restrict the number of insects that infest the carcass. A submerged 
body can differ in temperature and be inhabited by fewer insects. 
Carcasses that have been buried are more difficult for insects to get 
access to than surface deposited bodies.  Burial restricts the ability of 
certain insects to colonize the remains. The coffin fly (Megaselia 
scalaris) is one of the few species noted on buried remains due to its 
ability to tunnel up to six feet below ground to acquire the remains. 
 
Carnivores 
The activity of carnivores such as coyotes, dogs, cats, and 
insects feeding on the carcass can elevate the level of difficulty in 
estimating the initial time of insect colonization. The decomposition 
process has been disrupted by variables that may hasten 
decomposition by opening new areas for insect access to the remains. 
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Homicide victims with perimortem or postmortem traumatic wounds, 
have a tendency to degrade faster due to quicker access for insects 
(Haglund, 1997). The manner of death can also leave unnatural 
orifices in the remains that give insects and micro-organisms access to 
the internal cavities of the body. Blow fly eggs are laid inside natural 
orifices and fresh wounds may later exaggerate the openings when the 
eggs hatch and the larvae begin to feed. 
  
Clothing and Insecticides 
It has been noted that tarps, clothing, and garments affect the 
decomposition rate because the body has been covered by some form 
of a barrier. Wrappings can quicken the decomposition during warm 
months by elevating the body temperature. Likewise, loose wrappings 
that have open ends enhance succession of certain types of insects 
and shelter these insects from their surroundings. This shelter can 
raise colonization and boost the decomposition rate. Clothes provide a 
protective layer between the remains and insects that can slow future 
decomposition stages. When a deceased victim is wearing a thick coat, 
this can decrease decomposition in the torso area and insects will 
colonize other exposed areas (Voss et al., 2011). Remains that are 
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treated with insecticides or are deposited in a location covered with 
insecticides may have evidence of decreased insect succession.  
In an experiment by Charabidze (2009), rodent carcasses were 
exposed to different household chemicals.  Repellants such as 
gasoline, perfume, and mosquito citronella repellant resulted in a 
suppression of insect infestation for several days before the first arrival 
of the Diptera species.  The suppression of the blow flies arrival may 
result in a wrong PMI estimation. 
Other conditions such as freezing weather, strong winds, and 
sealed areas can also slow insect activity on carrions (Charabidze et 
al., 2009).  In this experiment, it was documented that rainfall and 
sun were factors, in the degradation effect of tested chemicals.  It was 
also determined that higher temperatures and humidity may remove 
the chemicals from the body. Also, the quantity of repellant and the 
time interval it remains on the exterior affected the suppression of the 
insect infestation. 
Archer (2003) noted that the initial arrival time on the body is a 
minimum PMI estimation and the lack of the common early insects 
may be due to body location or an effort to hide the body in the early 
stages of infestation.  
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The utilization of repellant chemicals for concealment can be 
tough to detect but can cause the wrong estimation of PMI due to the 
incorrect determination of the age of insects located on the body 
(Campobasso et al., 2001).  Chemicals may be utilized by criminals to 
mask the odor of the decomposing body and suppress insect 
colonization. “Carpet Fresh” rug deodorizer and lime are two such 
compounds not uncommon to concealing decomposing remains by 
culprits. 
It was thought to have occurred in the case of a completely 
clothed human body that was discovered in the warmer months with 
no signs of external decomposition or insect infestation.  Due to the 
state of the remains, homicide investigators thought that the remains 
were a recent death.  However, it was determined that the victim was 
dead for nearly four months.  The remains had been intentionally 
coated with insect repellant and other chemicals to disguise the odor 
and suppress the insect colonization. The autopsy discovered some 
internal decomposition and the repellants were detected in the lung 
tissue (Vass, 2001). 
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Drugs 
Drugs or chemicals within the carcass at time of death can also 
affect the speed at which insects inhabit the remains. Insect growth 
can be accelerated by cocaine and suppressed by other drugs.  
Experiments involving poison detection documented that flesh fly 
larvae digesting soft tissue containing cocaine exhibited a smaller total 
growth time when compared with maggots that were free of cocaine 
(Beyer et al., 1980; and Goff et al., 1991). Entomotoxicology is the 
use the toxicological analysis of carrion insects for the identification of 
poisons and drugs in intoxicated tissues (Goff et al., 1991, 1992, Goff 
1992). It also examines the effects caused by the chemicals on insect 
growth to aid in the PMI estimation.  Insects can be utilized for 
toxicological analyses for PMI estimations in severely decomposed 
remains (Introna et al., 2001). The quick digestion by the carrion 
insects can rapidly skeletonize the body.  In a small interval of time 
the fluids and soft tissues required for toxicological analysis at autopsy 
can disappear.  It is possible to collect the larvae from the remains and 
conduct the same toxicological analysis on the larvae that you would 
with soft tissues.  Toxicological analysis can be conducted on insect 
larvae because their tissue absorbs drugs and poisons that 
accumulated in the body’s soft tissues prior to death.  
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CHAPTER 3: Gunpowder Basics 
 
Gunpowder also known as black powder was the only known 
manufactured explosive until the middle of the 19th Century. 
Gunpowder is a combination of charcoal, sulfur, and potassium nitrate.  
The sulfur and charcoal act as fuel components while the potassium 
nitrate acts as an oxygen source in the mixture (Agrawal, 2010). 
Gunpowder demonstrates combustion properties through the fast 
expansion of gas and heat. It has been commonly manufactured as a 
propellant for weapons and as a component in fireworks. 
Gunpowder is called a low order explosive due to its relatively 
slow expansion rate and low shattering capability. Low order 
explosives combust at subsonic rates, whereas higher explosives 
detonate, creating a supersonic shattering wave.  
 
Composition and characteristics 
The description “black powder” was first used in the 19th 
century, to differentiate between previously developed gunpowder 
products from the recently created smokeless powders. Smokeless 
powders had mass volume properties similar to black powder but had 
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greatly reduced levels of smoke and residual byproducts. A majority of 
the mass smokeless powders quit being produced in the 20th Century 
(Wakeman, 2003)  
Black powder is a combination of different components. The first 
is charcoal, which donates carbon (C) to the chemical reaction. The 
next component is sulfur (S), which, while reacting as a fuel, reduces 
the ignition temperature needed to trigger the reaction, and increases 
the combustion rate. The final component is potassium nitrate (KNO3), 
which acts as an oxidizer fuel for the chemical reaction. 
The first component, charcoal is not composed of pure elemental 
carbon; rather, it is composed of partially charred cellulose. The 
modern mixture for the black powders that are produced by 
pyrotechnicians was developed as early as the 18th Century. The 
mixture’s percentages by weight are 75% potassium nitrate 
(saltpeter), 15% charcoal, and 10% sulfur (Earl, 1978).  These 
percentages have differed over the years and can be changed 
depending on the usage of the gunpowder. Black Powder utilized for 
hobby rockets uses a reduced burn rate because it will accelerate the 
rocket for a much greater duration of time, whereas black powders 
used in firearms needs a greater combustion rate since they must 
accelerate the bullet in a much shorter distance. Cannons or mortars 
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commonly use a reduced combustion rate powders because higher 
combustion rate powders might burst the cannon’s barrel. 
The final component, potassium nitrate or saltpeter, is a vital 
component in regards to both amount and usage because the burning 
reaction liberates oxygen from the potassium nitrate, assisting in the 
quick combustion of the other components in the mixture (Rice, 2006). 
To lessen the possibility of auto-ignition by electrostatic charge the 
grains of today’s black powders are usually treated with graphite 
powder which halts the production of electrostatic energy. 
Current gunpowder alternatives such as Pyrodex propellants 
have been widely used during the 20th Century (Wakeman, 2003). 
These propellants should not be mistaken for traditional smokeless 
black powders, since they try to create less residual byproducts, while 
keeping the old gunpowder mass measurement nomenclature for 
charge sizes. Documentation of corrosive issues for these powders has 
been troublesome. Innovative chemicals for these Pyrodex weapons 
cleaning have been created for this industry (Rodney, 2011). 
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Combustion Products 
The chemical equation which is often utilized for the burning 
reaction of regular black powder is: 
2 KNO3 + S + 3 C → K2S + N2 + 3 CO2 
 
Another equation is provided as (Mantzaras, 2010): 
10 KNO3 + 3 S + 8 C → 2 K2CO3 + 3 K2SO4 + 6 CO2 + 5 N2  
 
The chemical equation for the decomposition of traditional black 
powder with charcoal added and the application of elemental sulfur can 
be stated as: 
4 KNO3 + C7H4O + 2 S —> 2 K2S + 4 CO2 + 3 CO + 2 H2O + 
2 N2  
 
The combustion of regular gunpowder does not happen as a 
single uniform combustion; and therefore, the resulting byproducts are 
not readily known. The byproducts in order of descending quantities, 
that result from burning of regular gunpowder resulted in 56% solid 
byproducts: potassium carbonate, potassium sulfate, potassium 
sulfide, sulfur, potassium nitrate, potassium thiocyanate, carbon, 
ammonium carbonate and 43% vapor byproducts which are largely 
carbon dioxide, nitrogen, carbon monoxide, hydrogen sulfide, 
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hydrogen, and methane. The final 1% byproduct is water (Tenney, 
1972). 
  
Scientific Experimentation Needed 
The production of gunpowder byproducts can differ depending on 
the completeness of the chemical reaction and the quantities. These 
chemical byproducts have not been previously documented in respect 
to suppressing the infestation of insect larvae on porcine remains.  
This experiment will look at gunpowder residue’s effects on porcine 
remains and the insect infestation after exposure. 
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CHAPTER 4: Materials and Methods 
 
In this study, a total of eight domestic bred porcine carcasses 
(Sus scrofa linneaus) were used.  The 1st experiment used four fetal 
porcine carcasses and the 2nd experiment used four porcine carcasses 
that were euthanized at three months. The porcine carcasses for the 
1st experiment were obtained from Nebraska Scientific (Omaha, NE) 
and for the 2nd experiment from a local livestock farmer, 
(Summerduck, VA). The 2nd experiment pigs were euthanized by a 
gunshot to the head and the time of death was noted.  Euthanasia is a 
recognized method for swine by the American Veterinary Medical 
Association (AVMA). The entire experiment was conducted in 
Fredericksburg, VA. 
The study consisted of two experiments conducted at two 
different locations in Virginia during two different time periods. The 
experimental Site 1 was utilized from May 23, 2009 until June 13, 
2009.  The experimental Site 2 was utilized from September 27, 2011 
until October 23, 2011. The carcasses were placed in observation 
housings at each site for their protection from carnivore activity. 
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Site 1 Selection 
The chemical masking experimental research Site 1 (38.426803 
N/77.584596 W GPS, approximate elevation 75 ft) was located 
approximately 11.9 miles (19.1 km) northwest of downtown 
Fredericksburg, Virginia on privately owned residential land (Figure 1).  
The property consisted of 10.62 acres of forestland with a residential 
house.  The forestland consisted of mixed species of timber around the 
residence.  The forestland timbers included primarily northern red oak 
(Quercus rubra L.), sugar maple (Acer saccharum Marsh), black walnut 
(Juglan nigra L.), Eastern white pine (Pinus Strobus L.) and Virginia 
pine (Pinus virginiana) (Virginia Department of Forestry).  The 
residential area consisted of one single story house and a small front 
residential lawn surrounded by the forestland.   
 There are numerous carnivorous and omnivorous species around 
this residential location which primarily included red fox (Vulpes 
vulpes), raccoon (Procyon lotor), coyote (Canis latrans), Virginia 
opossum (Didelphis virginiana), black bear (Ursus americanus), and 
skunks (Mephitidae spp.).  The residential location is also home to a 
large number of larger hoofed animals such as deer (Odocoileus spp.).  
There were also a significantly large number of rodents that consist 
largely of field mice (Apodemus spp.) Old World rats (Rattus spp.), 
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ground squirrels (Spermophilus spp.), and a variety of moles 
(Scapanus spp.) inhabited the residential property.  The research area 
is also home to numerous species of birds to largely include the 
American robins (Turdus migratorius), American crows (Corvus 
brachyrhynchos), and bluebirds (Sialia sialis).  There is a large variety 
of insects at the residential property which include various flies and 
beetles. Among the beetles is the American Carrion Beetle (Necrophila 
americana). 
 The first chemical masking research site covered an area 
approximately 40 feet north/south and approximately 20 feet 
east/west.  The area was located just approximately 40 yards 
northwest of a local dead end street (Rainwater Lane) on the west side 
of the property (Figure 1).  The research site was selected because it 
offered a mixture of local vegetation that offered both areas of shade 
and full sun.  The carcasses were placed in observation housings that 
were located approximately three feet apart on the property. The 
observation housings were constructed to allow free access of insects 
to the carcasses and to provide protection from carnivores. 
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Figure 1: Site 1 Aerial Photograph of wooded residence (x indicates 
experiment location). 
 
 
Site 2 Selection 
Experimental chemical masking research Site 2 (38.330206 N, 
77.426939 W GPS, elevation approximately 80 feet) was located 
approximately 4.3 miles (7.0 km) northeast of Fredericksburg, Virginia 
on privately owned farmland (Figure 2).  The farmland property itself 
consisted of 20 acres of useable farmland and forestland.  The 
forestland timbers consisted mostly of mixed species of timber around 
the residence and surrounding farmland.  The forestland primarily 
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consisted of northern red oak (Quercus rubra L.), sugar maple (Acer 
saccharum Marsh), and black walnut (Juglan nigra L.) amongst the 
various varieties of trees on the property (Virginia Department of 
Forestry).   The farming area of the property is utilized to primarily 
grow a small yield of yellow corn, okra, tomatoes, lettuce and assorted 
vegetables as well as hay for a family owned cattle farm.  This 
farmland location also consisted of two residential houses and multiple 
storage buildings. 
 The many varieties of carnivorous and omnivorous species at the 
farmland location included red fox (Vulpes vulpes), raccoon (Procyon 
lotor), coyote (Canis latrans), Virginia opossum (Didelphis virginiana), 
black bear (Ursus americanus), and skunks (Mephitidae spp.).  The 
farmland location is home to a small population of larger hoofed 
animals such as deer (Odocoileus spp.).  The farmland has a large 
number of rodents that consist of largely of field mice (Apodemus 
spp.) Old World rats (Rattus spp.), ground squirrels (Spermophilus 
spp.), and a variety of moles (Scapanus spp.) inhabited the location. 
The chemical masking research area is also home to numerous species 
of birds to largely include American robins (Turdus migratorius), bald 
eagles (Haliaeetus leucocephalus), American crows (Corvus 
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brachyrhynchos), and bluebirds (Sialia sialis). There is a large variety 
of insects on the farmland to include various flies and beetles. 
 The second research site on the farmland location covered an 
area of approximately 40 feet north/south and approximately 20 feet 
east/west.  The area was located just approximately 60 yards north of 
a local road (Deacon Road) and the east side of the property (Figure 
2).  The research site was selected because it offered a good mixture 
of local vegetation and that offered both areas of shade and full sun.  
The area also offered ease of observation and monitoring.  The 
farmland location was last harvested in July 2011 with the cutting of 
hay for the fall season.   
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Figure 2: Site 2 Aerial photograph of farmland (x indicates experiment 
location). 
 
 
SUBJECTS 
These domestic pigs have skin very similar to humans and have 
been used widely in forensic and biomedical studies as substitutes for 
human decomposition studies because they approximate the relative 
size of a human body,  they are mostly hairless like humans, have a 
similar diversity of intestinal micro-organisms, are easily acquired and 
affordable, and do not have the same ethical testing issues as human 
bodies (Swindle and Smith, 1998; Catts and Goff, 1992; Michaud and 
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Moreau, 2011; Matuszewski et al., 2008; Anderson and VanLaerhoven, 
1996; Shean et al., 1993; England 2006; Payne, 1965). When 
documenting decomposition rates from an entomological perspective 
and for the goal of using the results in human homicide investigations, 
the domestic pig Sus scrofa (Linnaeus) is widely accepted as the 
preferred human substitute. 
 
Subjects - Site 1 
Experimental Site 1 utilized four small fetal pigs (Sus scrofa 
domesticus) as the subjects in this study (Figure 3). The carcasses 
were obtained from Nebraska Scientific (Omaha, NE) and shipped 
frozen in sealed plastic packages to the research location.  The pigs 
were approximately 9 inches in length and were unremarkable in their 
appearance, exhibiting a pink color. The carcasses had no applied 
preservatives to ensure no interference with insect infestation or the 
decomposing process. The carcasses each weighed approximately five 
pounds for the 1st experiment.  
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Figure 3: Fetal pigs at Site 1 removed from freezer package for 
placement 
 
At the 1st experiment site, two control pigs were placed in the 
hand built observation housings with no application of gunpowder 
residue. One control pig was placed in shade and one control pig was 
placed in full sun.  
Two pigs were treated with gunpowder residue prior to their final 
placement in the observation housing. The gunpowder residue was 
created by placing approximately 4 ounces of Hodgdon Smokeless 
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Gunpowder in a large Pyrex glass measuring bowl and ignited to fully 
burn. The explosive chemical reaction produced large amounts of 
burned dark residue and smoke. After the reaction took place the 
residue was mixed with distilled water (Figure 4).  A small amount of 
smokeless gunpowder was added to this mixture to replicate the often 
unconsumed smokeless gunpowder that is often left behind from an 
explosion of a pipe bomb or an improvised explosive device.  The 
mixture was thoroughly mixed and the slurry solution of residue was 
gently poured and hand rubbed on the entire carcasses prior to 
placement (Figure 5).   
 
Figure 4. Site 2 gunpowder ignition residue in glass bowl with addition 
of water to make gunpowder slurry for treatment of porcine carcasses. 
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Figure 5: Fetal porcine carcass treated with gunpowder slurry 
 
Subjects - Site 2 
For the 2nd experiment, four large porcine carcasses (Sus scrofa 
domesticus) were used as subjects (Figure 6). The specimens were 
obtained fresh from a local livestock farmer that had euthanized them 
with a single gunshot to the head. The subject pigs were picked up 
from the farmer at his food processing facility on September 27, 2011 
at approximately 12:00 pm EST. The euthanized pigs were wrapped in 
a clean plastic tarp, transport in the rear of a large pickup truck and 
driven to the research site where they were placed in their observation 
housings at approximately 2:00 pm EST. The subject pigs were all 
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approximately 32-40 inches in length and weighed approximately 40-
50 pounds. 
 
Figure 6: Adult pig carcass at Site 2 prior to placement in cage 
 
At the 2nd experiment site, two control carcasses were each 
placed in the observation housing with no application of gunpowder 
residue. One control pig was placed in shade and one control pig was 
placed in full sun.  
Two of the carcasses were treated with gunpowder residue 
prepared using the same methods utilized and outlined in 1st 
experiment.  The Site 2 pigs required larger quantities of burned 
gunpowder residue to cover the larger skin surface. 
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Construction of observation housings for remains 
Site 1 utilized observation housings for the carcasses that were 
hand constructed.  These observation housings were specifically 
designed for ease of access to allow the subject pigs to be accessed by 
various native insects while restricting the access of carnivores. The 
side walls of the observation housing were made from non-pressure 
treated lumber. The natural stock lumber was utilized to prevent any 
ancillary chemical interference with insect infestation. The tops and 
bottoms of the housing were constructed of untreated bare metal 
latte. The metal latte tops were secured with bare metal wire to allow 
opening of the observation housings for photographic purposes 
(Figure. 7). Site 1 utilized fresh fetal pigs which due to their size 
allowed these housings to be more compact and portable.  The 
housings were approximately 18 inches by 18 inches square when 
completed.  The observation housings were safely secured to the 
ground utilizing bare metal wire and long metal rebar rods to prevent 
a carnivore from carrying the entire observation housing off into the 
surrounding forestland. 
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Figure 7: Observation housing for fetal porcine carcass at Site 1 
 
 Site 2 utilized observation housings for the subject pigs’ remains 
that were purchased from a national commercial vendor. The 
observation housings were actually commercially produced dog kennel 
cages (Best Pet Company, Exclesior, MN).  These housings were 
chosen for their ease of access to allow the remains to be easily 
accessed by various native insects but to restrict the access of 
carnivores. The side and top walls of the purchased housing were 
made from black epoxy coated metal wire. The observation housing 
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tops were secured with a sliding latch to allow opening for 
photographic purposes (Figure 8). Site 2 utilized larger domestic pigs 
(Sus scrofa domesticus) which necessitated that these housings had to 
be much larger than the previously hand-made housings.  The 
observation housings’ dimensions were approximately 30 inches X 21 
inches X 24 inches. The observation housings came shipped from the 
manufacturer with a removable bottom pan for animal waste retrieval. 
These metal bottom pans were removed from the base of the 
observation housings to help facilitate the greatest potential exposure 
of the subject pigs’ skin to the underlying ground surface. This 
removal of the provided underlying pan also allowed the decomposing 
pigs’ bodily fluids to naturally drain into the soil as it decomposed thus 
preventing the pigs from lying in a pool of standing fluid. The 
observation housing pans’ removal also permitted the precipitation 
from any falling rain to also not pool under the subject pigs.  
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Figure 8: Adult pigs after placement in metal observational housings 
 
Chapter 5: Daily Observations 
Temperature - Site 1 
The first chemical masking research study experiment was 
conducted over twenty-two days between May 23, 2009 and June 13, 
2009.  The various environmental conditions including ambient 
temperature, relative humidity, and precipitation were recorded by a 
nearby National Oceanic and Atmospheric Administration (NOAA) 
climate-radar station located at the Fredericksburg, Virginia Sewage 
Plant (38.2875 N, 77.4507 W). This climate-radar is located 
approximately 15.7 miles (25.2 kilometers) from experimental 
chemical masking Site 1.  The data from the climate-radar station was 
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obtained from the National Climatic Data Center (NCDC) via their 
website (NOAA Satellite and Information Service).  
 
Temperature – Site 2 
The second chemical masking research experiment was 
conducted over 26 days between September 27, 2011 and October 22, 
2011.  The various external environmental conditions were also 
recorded by a nearby NOAA climate-radar station located at the 
Fredericksburg, Virginia Sewage Plant (38.2875 N, 77.4507 W). The 
station is located approximately 5.4 miles (8.6 km) from experimental 
Site 2. This historical data was also obtained directly from the NCDC.  
 
Thermal Measurement of Subjects at Sites 1 and 2 
The external ambient temperature was documented daily and 
analyzed to estimate a calculated accumulated degree days (ADD). 
The ADD unit is a vital measurement that reflects the ambient thermal 
energy which is an important factor directly linked to the 
decomposition rate and the different biological reactions that are part 
of this process (Megyesi et al., 2005). The ADD is a uniform unit of 
thermal energy that factors in the thermal energy of the sun despite 
the time of day and the seasonal changes that are brought about from 
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the ambient temperature.  The ADD standardizes the time and 
ambient temperature as a unit of thermal energy to allow the data to 
be documented in a specific context of ambient conditions to be 
compared with similar data collected from another equally unique 
environment but under different environmental conditions. The data 
derived from this experiment was used to calculate the ADD using the 
scientific method first documented by Megyesi and coworkers. (2005). 
Utilizing the NOAA weather data from the Fredericksburg, Virginia 
Sewage climate-radar station, the maximum and minimum 
temperatures were calculated as averages.  
 
Subject Pig Temperature Observations 
 The carcasses were monitored for temperature variables utilizing 
an infra-red thermometer.  The thermometer utilized was a Micro 
Temp MT-Pro Pistol Grip Infrared Thermometer.  The thermometer 
measures ranges from -76 °F to 932 °F.  The infrared thermometer 
allowed the skin temperature to be recorded for each carcass without 
physical contact with the surface. The infrared thermometer recorded 
the carcass temperature twice a day.  The temperature was taken 
daily at approximately 6:30 a.m. and 6:00 p.m.  The temperatures 
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were hand recorded in written notes for both experimental research 
sites.  
 
Subject Pig Photographic Documentation 
 The carcasses at both sites were photographed twice a day 
utilizing a Nikon Coolpix P80 and a Canon Powershot digital camera.  
The photographs were taken daily at approximately 6:30 a.m. and 
6:00 p.m. The photographs were categorized according to the control 
pigs and chemical masked pigs.  The two experimental chemical 
masking sites produced a total of 583 digital images.   
 
Assessment of Decomposition Process 
 The carcasses were examined and quantified utilizing the total 
body score (TBS) method.  The total body score is an evaluation tool 
that allows a standardized and systematic evaluation of the 
decomposing remains.  A numerical value is given for the various 
stages of decomposition and their duration. The TBS numerical value is 
estimated by assessing three anatomical regions of the decomposing 
remains and deriving a cumulative score.  The three regions are the 
head/neck, abdomen, and limbs (Megyesi et al., 2005). It is 
scientifically recognized that the various regions of the subject’s body 
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will decompose at different rates and produce different amounts of 
decomposition (Megyesi et al., 2005).  According to these authors, the 
scale scores a 1 for the lowest amount of decomposition in each region 
with the highest scores for the regions of the body are 10 for the 
limbs, 12 for the trunk, and 13 for the head. If the TBS is equal to 35, 
then the remains are dry bone (Megyesi et al., 2005). If the 
decomposition rate was noted to be of different rates in anatomical 
regions, the value was given to the most decomposed area 
represented in more than half of the anatomical region.  
Following Megyesi (2001), the amount of decomposition on the 
body was scored for each of three areas (Table 1). These areas include 
1) head and neck, 2) trunk and 3) limbs (Megyesi, 2001). Each of the 
three areas is given a numerical score based on the amount of 
decomposition present at that location (Megyesi, 2001).  
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Table 1: Categories and stages of decomposition  
 
Categories and stages of decomposition for the head and neck 
________________________________________________________
____________________________ 
A. Fresh 
(1 point) 1. Fresh, no discoloration 
 
B. Early decomposition 
(2 points) 1. Pink-white appearance with skin slippage and some hair 
loss. 
(3 points) 2. Gray to green discoloration: some flesh still relatively 
fresh. 
(4 points) 3. Discoloration and/or brownish shades particularly at 
edges, drying of 
nose, ears and lips. 
(5 points) 4. Purging of decomposition fluids out of eyes, ears, nose, 
mouth, and anus some 
bloating of neck and face may be present. 
(6 points) 5. Brown to black discoloration of flesh. 
 
C. Advanced Decomposition 
(7 points) 1. Caving in of the flesh and tissues of eyes and throat. 
(8 points) 2. Moist decomposition with bone exposure less than one 
half that of the area being scored. 
(9 points) 3. Mummification with bone exposure less than one half that 
of the area being scored. 
 
D. Skeletonization 
(10 points) 1. Bone exposure of more than half of the area being 
scored with greasy substances and decomposed tissue. 
(11 points) 2. Bone exposure of more than half the area being scored 
with desiccated or mummified tissue. 
(12 points) 3. Bones largely dry, but retaining some grease. 
(13 points) 4. Dry bone. 
(Megyesi, 2001) 
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Table 1 (cont.): Categories and stages of decomposition  
________________________________________________________ 
 
 
Categories and stages of decomposition for the trunk 
________________________________________________________ 
A. Fresh 
(1 point) 1. Fresh, no discoloration. 
 
B. Early decomposition 
(2 points) 1. Pink-white appearance with skin slippage and marbling 
present. 
(3 points) 2. Gray to green discoloration: some flesh relatively fresh. 
(4 points) 3. Bloating with green discoloration and purging of 
decomposition fluids. 
(5 points) 4. Post bloating following release of the abdominal gases, 
with discoloration changing from green to black. 
 
C. Advanced decomposition 
(6 points) 1. Decomposition of tissue producing sagging of flesh; 
caving in of the abdominal cavity. 
(7 points) 2. Moist decomposition with bone exposure less than one 
half that of the area being scored. 
(8 points) 3. Mummification with bone exposure of less than one half 
that of the area being scored. 
 
D. Skeletonization 
(9 points) 1. Bones with decomposed tissue, sometimes with body 
fluids and grease still present. 
(10 points) 2. Bones with desiccated or mummified tissue covering 
less than one half of the 
area being scored. 
(11 points) 3. Bones largely dry, but retaining some grease. 
(12points)4. Dry bone  
(Megyesi, 2001) 
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Table 1 (cont.): Categories and stages of decomposition  
 
Categories and stages of decomposition for the limbs 
________________________________________________________ 
A. Fresh 
(1 point) 1. Fresh, no discoloration. 
 
B. Early decomposition 
(2 points) 1. Pink-white appearance with skin slippage of hands and/or 
feet. 
(3 points) 2. Gray to green discoloration; marbling; some flesh still 
relatively fresh. 
(4 points) 3. Discoloration and/or brownish shades particularly at 
edges, drying of fingers, toes, and other projecting extremities. 
(5 points) 4. Brown to black discoloration; skin having a leathery 
appearance. 
 
C. Advanced Decomposition 
(6 points) 1. Moist decomposition with bone exposure less than one 
half that of the area being scored. 
(7 points) 2. Mummification with bone exposure of less than one half 
that of the area being scored. 
 
D. Skeletonization 
(8 points) 1. Bone exposure over one half the area being scored, some 
decomposed tissue and body fluids remaining. 
(9 points) 2. Bones largely dry, but retaining some grease. 
(10 points) 3. Dry bone. 
(Megyesi, 2001) 
 
 
CHAPTER 6: Results and Analysis 
Results (Site 1) 
Fresh Stage (Day 1-2) 
The fetal carcasses remained in their fresh stage for two days. 
This stage lasted until bloating became apparent. The small size of the 
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fetal carcasses made bloating difficult to detect at first. The carcasses 
had no odors at this time. Minor external discolorations were noted, 
most likely due to the thin skin of the fetal pigs. Blow flies were noted 
on both control and gunpowder pigs almost immediately after they 
were placed in position.  
 
Bloat Stage (Days 3-7) 
 Blow flies were noted around the carcasses of both the control 
and the gunpowder remains and numerous eggs were noted in the 
eyes, noses, on the face and mouths. A very bloated appearance was 
noted. The bloated stage lasted approximately 4 days. The bloating 
stage is a product of putrefaction which is brought about by the 
decomposition of internal tissues by internal activity of 
microorganisms. Vass et al., (2002) stated that the bloating process is 
brought about by the venting of gases and liquids from the breaking 
down of internal tissues. The pigs were observed to have dark purple 
discoloration of the skin in the abdomen. Some of the fetal pigs rolled 
on their backs due to the bloating gases (Vass et al., 2002). The groin, 
back and stomach were noted to be affected by the spreading 
discoloration. An odor was noted around the remains due to the 
purging of the gases. The egg activity increased on the warm days and 
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elevated temperatures were noted in the maggot masses that 
enveloped the decomposing pig carcasses. The observation houses 
protected the pigs from any carnivore activity that would have release 
the expanding gases. During the final bloating stage, the bloating was 
the most severe. There were large amounts of skin slippage were 
noted on almost all the pigs. Hardly any maggot activity was noted on 
the pigs before the purging of the fluid.  
 
Active Decay (Days 8-11) 
 Day 8 marked a change in the decomposing fetal carcasses when 
the gases were fully purged from the abdomen of the remains. The 
carcasses exhibited a distinct flattening of their bodies when the gas 
was expelled. Some carcasses exhibited clearly defined rib shapes 
being evident. Some blow fly larvae were still noticeable on the 
remains. The pigs had a very strong odor from the formation of 
cadaverine and putrescine (Gill-King, 1997). Soft tissue was present 
on the decomposing bodies and wet decomposition continued in the 
remains. The maggots began to migrate from the pig bodies during a 
majority of this process. They migrated away from the body leaving a 
trail in the leaves (Anderson and VanLaerhoven, 1996).  The tissues 
were beginning to recede and marked color changes were noted in the 
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drying tissues. Some of these tissues became grayish. The tissues 
were still moist and a majority of the bones were becoming exposed. 
Some of the pigs showed internal organ spillage from the breaching of 
the maggots from internal areas. Toward the end of this stage, the 
maggots migrated off the remains in multiple directions. This left very 
little amounts of maggots on the remains due to very small amounts of 
soft tissues still remaining. The bones became disarticulated and they 
lost their supporting function due to the loss of the muscles and 
connective tissue.  The control pigs and gunpowder pigs exhibited the 
same amount of decay. 
 
Advanced Decay/ Skeletal Remains (Day 12-24) 
 The start of this stage was marked by the departure of the 
maggot masses from the remains. A few maggots remained at this 
time on the carcasses. The majority of the soft tissue had been 
removed by this stage. The decomposing odor was also found to be 
less by this stage. The bodies became completely skeletonized.  The 
control pigs and gunpowder pigs exhibited the same amount of decay. 
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Results (Site 2) 
Fresh Stage (Day 1) 
The fresh stage lasted only one day with these carcasses. This 
stage lasted until the bloating became apparent. No decomposition 
odors were noted at this time. No external discolorations were noted. 
Blow flies were noted on the pigs almost immediately after they were 
unloaded from the truck. Fresh blood around the gunshot wound to the 
head attracted the flies and gave immediate access to the carcass for 
the flies to lay eggs. The control pigs and gunpowder pigs exhibited 
the same amount of decay during the fresh stage. 
 
Bloat Stage (Days 2-7) 
 The control pigs and gunpowder pigs exhibited the same amount 
of decay. Blow flies were noted around the carcasses and numerous 
eggs were noted in the wounds, eyes, noses, mouths and rectums. 
The pigs took on a bloated appearance produced by the internal gas. 
The bloated stage lasted approximately 5 days. The bloating stage is a 
product of the putrefaction process which is brought about by the 
decomposition of internal tissues by internal activity of bacteria and 
other microorganisms. Vass et al., (2002) states that the bloating 
process is brought about by the release of gases and liquids from the 
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breaking down of internal tissues. The pigs were observed to have 
marked green discoloration of the skin which is due to the 
accumulation of hydrogen sulfide in the blood (Goff, 2009; Vass et al., 
2002). The discoloration was first noted in the abdomen of the pigs 
just like in humans. The green discoloration and marbling was found to 
spread across the abdomen to other areas of the decomposing bodies. 
The legs, groin, neck and head were all affected by the spreading 
discoloration. An obvious odor was noted around the decomposing pigs 
due to the purging of the gases. Lividity was noted in the pigs as 
purple discoloration. The maggot activity dramatically increased on the 
warm days and elevated temperatures were noted in the maggot 
masses that enveloped the decomposing pig carcasses. The 
observation houses protected the pigs from any carnivore disturbance 
that would have escalated the release of gases. Vass et al., (2002) 
documented that the accumulation of gases such as methane, carbon 
dioxide, ammonia and hydrogen sulfide in the decomposing body can 
cause a body to rotate dorsally if positioned on its side or stomach 
(Figure 9). This phenomenon was noted to have occurred in many of 
the subject pigs. The maggots eventually almost fully engulfed the 
major areas of the remains and large amounts of skin slippage were 
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noted on almost all surfaces. The leakages of bodily fluids were noted 
to have started to brown and kill the grass.  
 
Figure 9: Shade Control Pig at Site 2 exhibiting body roll due to 
bloating 
 
 
 
Active Decay (Days 8-15) 
 Day 8 marked a dramatic change in the decomposing carcasses 
when the gases were fully released from the abdomen of the subjects. 
The carcasses exhibited a distinct flattening of their bodies when the 
gas was expelled. Some blow fly larvae were still noticeable and the 
pigs possessed a very strong odor from the chemical formation of 
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cadaverine and putrescine (Gill-King, 1997). Soft tissue was present 
on the decomposing bodies and the moist decomposition continued in 
the remains. The maggots began to leave the bodies during a majority 
of this process. The maggots migrated from the body leaving a trail in 
the grass.  The tissues were beginning to recede and marked color 
changes were noted in the tissues. Some of these tissues became 
black and leathery. The tissues were still moist and some bones were 
becoming exposed. The surrounding grass in many areas was 
observed to be black. Some of the pigs showed internal organ spillage 
from the breaching of the maggots from internal areas. Toward the 
end of this stage, the maggots migrated off the pig remains in multiple 
directions. This left sparse amounts of maggots on the remains due to 
very small amounts of tissues still remaining. The bones began to 
become disarticulated under the skin and they lost their supporting 
function due to the loss of the muscles and connecting tissue. The 
control pigs and gunpowder pigs exhibited the same amount of decay. 
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Figure 10: Gunpowder/ Sun pig showing maggot trail at lower right 
during active decay 
 
Advanced Decay/ Skeletal Remains (Day 16-28) 
 The beginning of this stage was marked by the departure of the 
maggot masses from the remains. Very few maggots remained on the 
remains. The decomposing pigs had a significant amount of soft tissue 
removed by this stage. The decomposing odor was also found to be 
less by this stage but was still noticeable on the warmer days. The 
bodies never became completely skeletonized.  The outer skin began 
to dry out and mummify. The areas of exposed bone started becoming 
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drier and lighter in color. The control pigs and gunpowder pigs 
exhibited the same amount of decay. 
 
Scoring of the Decomposing Remains 
 The carcasses were evaluated using the Megyesi et al (2001), 
total body scoring system (TBS).  The TBS was calculated using the 
recorded observations taken from the daily temperature readings. The 
findings were recorded and plotted in a single table for each site (Table 
6 & 7). The total body score was estimated for each day.  
 A rating of three was recorded for all animals when first placed 
at the research site following to the Megyesi and coworkers (2001) 
scale. According to the established guidelines, the first discolorations 
were estimated to be a level 6 for the greenish discoloration caused by 
the gases of the stomach.  The bloating of the carcasses was 
documented at a level 11. The maggot migrations from the pig 
remains were found to be a level 21. The final stages of the 
experiment for the skeletonization of the remains revealed only a level 
17.  Some bones never became completely dry so the maximum score 
was never obtained. The control pigs and gunpowder pigs exhibited 
the same amount of decay and were graded very similar in the two 
experiments.  
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Temperature Recordings 
 The temperature recordings were found to be easily measured 
over the duration of the experiment due to the use of the infra-red 
thermometer. The daily readings from the carcasses were averaged by 
taking the mean of the maximum and minimum reading from the 
temperature readings from each carcass. 
 The ambient weather was also collected using the nearest NOAA 
weather station at the Fredericksburg Sewage plant. The average 
temperature was taken from the mean average of the daily high and 
low from the region.  
The data from the carcasses at Site 1 and the NOAA station are 
plotted in the following graphs (Tables 2 & 3). The data from the 
carcasses at Site 2 and the NOAA station are plotted in the following 
graphs (Tables 4 & 5). This data was utilized to calculate the ADD for 
both chemical scent sites in the experiment (Tables 8 & 10).  
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Analysis of the data 
 The comparison of data collected from the experiment was 
plotted in a graph of the TBS (Table 9 & 11). The decomposition rate is 
shown to rapidly increase first through the use of the TBS rating 
system.  
 
CHAPTER 7: Discussion 
 
The two experiments in this study lasted a total of 52 days. 
Despite the obvious size differences of the porcine carcasses used in 
the experiments, the overall decomposition rates were remarkably 
similar in observations and duration and there was no noticeable 
difference in the rate of decomposition between the control carcasses 
and the carcasses treated with gunpowder. The majority of the insect 
infestation in both experiments occurred in the first 14-15 days. The 
large maggot masses moved off the carcasses after 15 days. This 
observation was the same for the control pigs as well as the pigs that 
were treated with gunpowder residue. After about 20 days there was 
little change in the carcasses.  
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The different locations and observation housings used in this 
experiment had little effect on the outcome or the duration of the 
insect infestation as shown by the two mirrored results.  The 
temperature data for the pigs was fairly consistent and even. This was 
true for the control and the treated pigs. The temperature was also 
equal for the carcasses in the sun versus the shade.  
The fresh stage of decomposition lasted for approximately the 
same duration in each experiment, the fetal carcasses lasted a day 
longer than the larger carcasses in the fresh stage. This may have 
been in part due to the fetal carcasses possibly having less natural 
internal bacteria than the larger carcasses. The first discolorations in 
both experiments started in the abdominal regions for both size 
carcasses.  
The active decay stage for the carcasses began with obvious 
bloating. The larger carcasses exhibited the greatest amount of 
bloating and were likely due to the larger carcasses having more 
gastrointestinal bacteria and tissues to show significant signs of 
bloating. The fetal carcasses only evidenced bloating slightly but still 
noticeably during the experiment. The bloating of the carcasses as 
explained by Goff (2009) and Gill-King (1997) is largely due to the 
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anaerobic activity of the carcasses naturally occurring bacteria which 
produce the gases associated with the bloating process.   
The insect infestation on each carcass was concentrated around 
those areas of the pigs that had natural orifices or wounds. The head 
wounds to the larger carcasses were a larger attractor for the insects 
due to the blood that was present on the head and in the nostrils of 
the pigs. In general, the insect infestation began at the head and 
ultimately erupted from the abdomen during the latter stages. There 
was evidence of skin slippage on all carcasses and the skin 
disappeared first in those areas around the lips and eyes. The insect 
infestation began almost immediately after the pigs were deposited. 
The infestation occurred at the greatest concentration by day 4 in both 
experiments.  
The maggots appeared in large masses on the carcasses at 
approximately 7 days into both experiments and encompassed the 
entire carcass during certain points. The skin of the carcasses also 
transformed from a fresh pink color to a brownish color during this 
bloated stage. The temperature of the large maggot masses was 
largely elevated and noted to be as high as 82 °F in the larger 
carcasses. More fat on the body allows for faster decomposition 
(Gonzales et al., 1954).  This is due to the composition of fat, which is 
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high in water content. Larger corpses with higher percent body fat also 
tend to retain heat much longer than corpses with less body fat. 
Higher temperatures favor the reproduction of bacteria inside high 
nutrient areas of the liver and other organs. The highest temperature 
recorded in the fetal carcasses was 71 °F.  
The large maggot masses found on the carcasses began to move 
away from the carcasses and migrate in large quantities across the 
ground at approximately day 16. The large trail of maggots observed 
moving away from the carcasses left a distinct trail in the grass. Many 
days later the vegetation died in these areas from the residual fluids 
deposited by the departing maggots. The remains were noted to have 
residual maggots on the carcasses feeding on the last little bits of 
tissue. The skin was still noted to be moist.  
Once the maggots departed the decomposing pig remains, the 
largest and most notable changes to the remains started to subside. In 
those areas where the bones were exposed by the maggots, the bones 
began to dry out and change color. The bones were also noted to 
disarticulate when they became exposed by the maggots. During the 
experiments there were several periods of heavy rain, this rain often 
caused the tissue in the remains to regain moisture and appear to be 
full and rehydrated (Anderson and VanLaerhoven, 1996; England, 
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2006). These heavy rains at the beginning of each of the experiments 
may have removed some of the external chemical masking that was 
applied at the start of the experiment. The water may have diluted or 
washed away the most active ingredients of the applied chemicals on 
the skin. The heavy dews and rains in the area made it hard to 
evaluate the moisture content in the remains.  
The fetal carcasses were the only carcasses to reach the skeletal 
phase completely. One of the fetal carcasses that were used as a 
control pig for the shade became more desiccated than decomposed. 
These fetal carcasses appeared to have some kind of fungus covering 
which may have been due to the external masking chemical. The 
larger carcasses from the second experiment still had a large portion 
of fat remaining and overall the outer skin was largely still intact. The 
external masking materials may have prevented the external skin from 
being devoured and thus forced the insect infestation to only devour 
the internal portions of the pigs. 
The close proximity of the carcasses resulted in consistent 
ambient temperature readings for the remains and they all seemed to 
decompose in a similar manner. It was noted that the insect 
concentrations were heavier in some areas on the carcasses rather 
than other areas. 
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The carcasses were exposed to different seasonal temperature 
because the experiments were conducted at different seasonal 
intervals. This likely introduced variation in the rate of decomposition. 
The carcasses did appear to have the same rates of decomposition and 
common time spans when the insect infestations appeared. It is not 
clear whether this was due to the experiments producing the exactly 
same decomposition rates or if the rates of decomposition were 
coincidentally matched up in sequence due to delayed effects of 
temperatures or due to chemical masking.   
These experiments encompassed several factors that likely 
altered the results. The inconsistencies introduced by subjective 
nomenclature regarding the scoring of the remains. Inconsistencies 
were also inserted due to the random areas of temperature 
measurement as a result of were insect infestation was introduced.  
Previously frozen carcasses showed aerobic decomposition, while 
freshly killed carcasses showed anaerobic decomposition. Previously 
frozen carcasses exhibited the same decomposition progression, but 
faster rates, of disarticulation (Micozzi, 1986).   Archer (2004), noted 
that freezing the remains noted by Micozzi, regarding the changed 
decomposition sequence by eliminating intestinal micro-organisms and 
damaging soft tissue.  
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Additional variation could have been introduced by factors not 
included in these experiments. The carcasses were placed out in the 
open with no access by carnivores which could have introduce large 
post mortem wound sites that would have allowed more insect 
infestation (Haglund et al., 1989; Haglund, 1997). This breach of the 
outer skin by the carnivores would have nullified any possible effects 
of externally applied masking agents in those areas. The observation 
housing created an artificial zone of observation that may not occur in 
a crime scene or natural setting. The goal of the experiment was to 
study the effects of chemical masking agents on the decomposing 
remains and the insect infestation process so it was determined that 
this loss of the potential carnivore activity was worth the use of 
observation housings. 
 
Chapter 8: Conclusion 
This study was intended to study the effects of chemical masking 
agents on the rate of decomposing porcine carcasses. It was a 
worthwhile experiment to estimate if chemical masking agents can 
play as large of a role in suppressing rates of decomposition as are 
physical factors such as clothes, blankets, hardened containers and 
other insect deterrent mechanisms.  
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Even though the byproducts of the chemical reaction are known 
on an elemental level, it is unclear whether these byproducts do alter 
the environment of the decomposing remains.  For example, one of 
the products used in the production of gunpowder is saltpeter or 
potassium nitrate is often used to preserve foods for long term 
storage. It is unknown the exact quantities that are needed to 
preserve the remains from insect infestation. It is most likely a much 
larger amount than is produced by the explosive reaction of burned 
gunpowder. It is conceivable that a large enough explosion could 
produce these quantities but it is unclear if it would still deposit 
enough on the exposed body to effect the insect infestation. 
As previously discussed the use of cages greatly inhibited the 
carnivore activity on the remains but this may have had a huge effect 
on the rates of decomposition. Future studies should be conducted on 
the effects utilizing the chemical masking on exposed carcasses as 
well. It is highly likely that manmade products worn or left behind at 
the crime scene can greatly affect the decomposition rate just like the 
cages inhibit the carnivore activity.  
This experiment should be repeated numerous times in different 
climates to understand what, if any affects, that the chemical masking 
agent has on the decomposing carcasses. The experiments in this 
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study were conducted at different times of the year and with different 
size specimens of pigs. This experiment also focused on surface 
deposited unclothed remains and did not look at if the chemical 
masking agent had other affects on the remains when they were 
clothed, buried or wrapped in a tarp. These different barriers could 
have enhanced the effects of the chemical masking agent by making 
the residue have more permanence than when it was just topically 
applied to the decomposing remains. Further research is needed to 
estimate if chemical masking agents caused changes to the remaining 
skin after longer terms of exposure. 
This study is highly beneficial to the medico-legal community in 
determining PMI intervals and postmortem processes. It is highly 
encouraged and anticipated that further studies would either confirm 
that chemical masking of the remains is a factor in the decomposition 
process or if it has little to no affect on the process but this can only 
be done by conducting numerous controlled studies utilizing the 
chemical masking agents as outlined in this paper. 
  
Table 2: Site 1 Temperature data for fetal carcasses  
   
Date Max Temp (°F) Min Temp (°F)
Control SUN 
Morning (°F)
Control SUN 
Evening (°F)
Control SHADE 
Morning (°F)
Control SHADE 
Evening (°F)
Gunpowder 
SUN Morning 
(°F)
Gunpowder 
SUN Evening 
(°F)
Gunpowder 
SHADE 
Morning (°F)
Gunpowder 
SHADE 
Evening (°F)
5/23/09 83 57 36 71.5 38 70 39 69 32 69
5/24/09 85 64 63 71 62 71 63 70 62 70
5/25/09 80 65 67 70 66 70 67 70 66 69
5/26/09 83 65 67 57 70 60 68 57 69 59
5/27/09 77 59 59 66 59 67 59 65 59 66
5/28/09 73 59 64 70 63 69 64 70 63 69
5/29/09 83 59 68.5 62 70 66 71 64 68 61
5/30/09 87 55 59 71 56 70 58 81 56 69
5/31/09 82 58 61 73 58 66 62 71 60 70
6/1/09 84 51 53 70 51 68 55 70 53 69
6/2/09 80 52 60 66 59 69 60 66 62 69
6/3/09 91 62 64 71 64 71 63 71 63 71
6/4/09 85 60 59 60 60 60 60 60 60 59
6/5/09 64 60 60 57 60 57 60 58 60 56
6/6/09 67 58 57 63 57 64 56 65 57 62
6/7/09 76 58 58 69 59 68 58 66 59 65
6/8/09 83 60 62 77 62 77 62 77 63 75
6/9/09 89 64 70 75 69 75 70 75 70 75
6/10/09 88 62 65 75 63 75 65 75 64 75
6/11/09 82 62 67 71 67 71 67 72 67 71
6/12/09 84 62 66 70 66 70 66 71 66 70
6/13/09 85 68 64 71 67 71 67 72 67 71
7
8
 
Table 3: Plot of temperature for fetal pigs at Site 1 
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Control SUN Morning (°F) 
Control SUN Evening (°F) 
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Table 4: Site 2 temperature data for adult carcasses 
 
Date
Max Temp 
(°F) Min Temp (°F)
Control SUN 
Morning (°F)
Control  SUN 
Evening  (°F)
Control SHADE 
Morning (°F)
Control 
SHADE 
Evening (°F)
GP SUN 
Morning (°F)
GP SUN 
Evening (°F)
GP SHADE 
Morning (°F)
GP SHADE 
Evening (°F)
09/27/11 77 60 83 80 81 80 82 77 72 77
09/28/11 78 58 63 80 61 80 63 80 62 80
09/29/11 75 55 65 73 67 71 66 73 66 72
09/30/11 78 57 55 63 55 61 55 64 55 62
10/01/11 77 52 43 38 42 38 44 38 42 38
10/02/11 60 45 60 60 61 61 60 60 60 61
10/03/11 53 46 82 80 81 82 82 82 81 82
10/04/11 54 46 80 81 81 82 82 81 81 81
10/05/11 69 46 78 80 81 81 81 81 80 81
10/06/11 75 46 78 79 81 80 80 81 81 80
10/07/11 71 45 70 68 80 80 81 81 80 80
10/08/11 73 45 58 61 78 80 80 80 80 80
10/09/11 73 46 44 60 77 77 69 80 80 80
10/10/11 78 46 48 64 77 76 49 64 81 80
10/11/11 79 46 48 65 50 65 49 65 79 80
10/12/11 70 59 59 60 59 61 58 61 79 79
10/13/11 66 64 63 60 63 61 63 60 75 77
10/14/11 78 63 58 64 58 64 58 64 69 70
10/15/11 78 46 48 64 48 64 48 64 50 64
10/16/11 70 46 48 60 48 61 47 62 49 60
10/17/11 72 54 57 61 58 61 58 61 57 61
10/18/11 73 53 49 62 49 61 48 62 49 62
10/19/11 75 53 48 62 48 62 49 62 49 62
10/20/11 66 51 47 59 48 60 47 58 48 59
10/21/11 59 43 42 55 42 55 42 55 42 55
10/22/11 63 42 44 57 44 57 44 57 44 57
10/23/11 63 39 42 55 42 55 43 55 42 55  
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Table 5: Plot of Site 2 temperature for fetal carcasses  
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Table 6: TBS (Total Body Score) for fetal pigs from Site 1 
 
     
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
H/N 1 1 1 2 7 7 7 7 7 10 10 10 12 12 12 12 12 12 12 12
Control 
Sun Trunk 1 3 3 4 4 5 5 6 7 9 9 9 11 11 11 11 11 11 11 11
Limbs 1 1 1 1 2 3 4 4 4 5 8 8 9 9 9 9 9 9 9 9
3 5 5 7 13 15 16 17 18 24 27 27 32 32 32 32 32 32 32 32
H/N 1 1 1 2 7 7 7 7 10 10 10 10 12 12 12 12 12 12 12 12
GP Sun Trunk 1 2 2 4 4 6 6 6 7 9 9 9 11 11 11 11 11 11 11 11
Limbs 1 1 1 1 2 3 4 4 4 6 8 8 9 9 9 9 9 9 9 9
3 5 4 7 13 16 17 17 21 25 27 27 32 32 32 32 32 32 32 32
H/N 1 1 2 2 2 7 7 7 7 8 8 8 8 10 10 11 12 12 12 12
Control 
Shade Trunk 1 2 3 4 4 5 5 6 6 6 6 6 7 9 9 9 11 11 11 11
Limbs 1 1 1 1 2 2 2 4 4 4 5 5 6 6 6 8 9 9 9 9
3 4 6 7 8 14 14 17 17 18 19 19 21 25 25 28 32 32 32 32
H/N 1 1 2 2 7 7 8 8 10 10 10 10 12 12 12 12 12 12 12 12
GP 
Shade Trunk 1 2 2 2 2 5 6 6 7 9 9 9 11 11 11 11 11 11 11 11
Limbs 1 1 1 2 2 2 2 4 4 4 8 8 9 9 9 9 9 9 9 9
3 4 5 6 11 14 16 18 21 23 27 27 32 32 32 32 32 32 32 32  
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Table 7: TBS (Total Body Score) for mature pigs from Site 2 
 
   
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
H/N 1 1 3 3 3 3 5 5 6 6 6 6 7 8 8 8 8 8 9 9 9 9 R 9 9 9 9
Control SunTrunk 1 2 4 4 5 5 5 5 5 6 6 6 6 7 7 7 7 7 8 8 8 8 A 8 8 8 8
Limbs 1 1 1 1 1 1 1 1 4 5 5 5 5 6 6 6 6 6 7 7 7 7 I 7 7 7 7
3 4 8 8 9 9 11 11 15 17 17 17 18 21 21 21 21 21 24 24 24 24 N 24 24 24 24
 
H/N 1 1 3 3 3 3 5 5 6 6 6 6 8 8 8 8 8 8 9 9 9 9  9 9 9 9
GP Sun Trunk 1 1 4 4 4 5 5 5 5 5 6 6 6 7 7 7 7 7 8 8 8 8  8 8 8 8
Limbs 1 1 1 1 1 1 4 4 4 5 5 5 5 6 6 6 6 6 7 7 7 7  7 7 7 7
3 3 8 8 8 9 14 14 15 16 17 17 19 21 21 21 21 21 24 24 24 24 24 24 24 24
 
H/N 1 1 3 3 3 3 5 5 6 6 6 6 7 8 8 8 8 8 9 9 9 9 9 9 9 9
Control ShadeTrunk 1 1 1 4 4 4 5 5 5 6 6 6 6 7 7 7 7 7 8 8 8 8 8 8 8 8
Limbs 1 1 1 1 2 2 2 2 4 5 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7
3 3 5 8 9 9 12 12 15 17 17 17 18 21 21 21 21 21 23 24 24 24 24 24 24 24
H/N 1 1 3 3 3 3 3 5 5 6 6 6 7 8 8 8 8 8 9 9 9 9 9 9 9 9
GP Shade Trunk 1 1 4 4 4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 7 8 8 8 8 8 8
Limbs 1 1 1 1 1 1 1 1 1 1 1 4 5 6 6 6 6 6 7 7 7 7 7 7 7 7
3 3 8 8 8 8 9 11 11 12 12 15 17 20 20 20 20 20 22 23 24 24 24 24 24 24 
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Table 8: ADD (Accumulated Degree Days) versus TBS (Total Body Score) for Site 1  
 
 
Date Max Temp (°F) Min Temp (°F) Avg Temp  (°F) ADD
Control Sun 
TBS
Control 
Shade TBS
Gunpowder 
Sun TBS
Gunpowder 
Shade TBS
05/23/09 83 57 70 70 3 3 3 3
05/24/09 85 64 74.5 144.5 5 4 5 4
05/25/09 80 65 72.5 217 5 6 4 5
05/26/09 83 65 74 291 7 7 7 6
05/27/09 77 59 68 359 13 8 13 11
05/28/09 73 59 66 425 15 14 16 14
05/29/09 83 59 71 496 16 14 17 16
05/30/09 87 55 71 567 17 17 17 18
05/31/09 82 58 70 637 18 17 21 21
06/01/09 84 51 67.5 704.5 24 18 25 23
06/02/09 80 52 66 770.5 27 19 27 27
06/03/09 91 62 76.5 847 27 19 27 27
06/04/09 85 60 72.5 919.5 32 21 32 32
06/05/09 64 60 62 981.5 32 25 32 32
06/06/09 67 58 62.5 1044 32 25 32 32
06/07/09 76 58 67 1111 32 28 32 32
06/08/09 83 60 71.5 1182 32 32 32 32
06/09/09 89 64 76.5 1259 32 32 32 32
06/10/09 88 62 75 1334 32 32 32 32
06/11/09 82 62 72 1406 32 32 32 32
06/12/09 84 62 73 1479 32 32 32 32
06/13/09 85 68 76.5 1555.5 32 32 32 32  
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Table 9: Plot of TBS (Total Body Score) for Site 1 
 
 
0 
5 
10 
15 
20 
25 
30 
35 
0
5
/2
3
/0
9 
0
5
/2
4
/0
9 
0
5
/2
5
/0
9 
0
5
/2
6
/0
9 
0
5
/2
7
/0
9 
0
5
/2
8
/0
9 
0
5
/2
9
/0
9 
0
5
/3
0
/0
9 
0
5
/3
1
/0
9 
0
6
/0
1
/0
9 
0
6
/0
2
/0
9 
0
6
/0
3
/0
9 
0
6
/0
4
/0
9 
0
6
/0
5
/0
9 
0
6
/0
6
/0
9 
0
6
/0
7
/0
9 
0
6
/0
8
/0
9 
0
6
/0
9
/0
9 
0
6
/1
0
/0
9 
0
6
/1
1
/0
9 
0
6
/1
2
/0
9 
0
6
/1
3
/0
9 
Control Sun TBS 
Control Shade TBS 
GP Sun TBS 
GP Shade TBS 
8
5
 
T
B
S
 
Table 10: ADD (Accumulated Degree Days) versus TBS (Total Body Score) for Site 2 
 
     
Date Max Temp (°F) Min Temp (°F) Avg Temp (°F) ADD
Control Sun 
TBS
Control Shade 
TBS
Gunpowder 
Sun TBS
Gunpowder 
Shade TBS
09/27/11 77 60 68.5 68.5 3 3 3 3
09/28/11 78 58 68 136.5 4 3 3 3
09/29/11 75 55 65 201.5 8 5 8 8
09/30/11 78 57 67.5 269 8 8 8 8
10/01/11 77 52 64.5 333.5 9 9 8 8
10/02/11 60 45 52.5 386 9 9 9 8
10/03/11 53 46 49.5 435.5 11 12 14 9
10/04/11 54 46 50 485 11 12 14 11
10/05/11 69 46 57.5 543 15 15 15 11
10/06/11 75 46 60.5 603.5 17 17 16 12
10/07/11 71 45 58 661.5 17 17 17 12
10/08/11 73 45 59 720.5 17 17 17 15
10/09/11 73 46 59.5 780 18 18 19 17
10/10/11 78 46 62 842 21 21 21 20
10/11/11 79 46 62.5 904.5 21 21 21 20
10/12/11 70 59 64.5 969 21 21 21 20
10/13/11 66 64 65 1034 21 21 21 20
10/14/11 78 63 70.5 1104.5 21 21 21 20
10/15/11 78 46 62 1166.5 24 23 24 22
10/16/11 70 46 58 1224.5 24 24 24 23
10/17/11 72 54 63 1287.5 24 24 24 24
10/18/11 73 53 63 1350.5 24 24 24 24
10/19/11 75 53 64 1414.5 RAIN RAIN RAIN RAIN
10/20/11 66 51 58.5 1473.5 24 24 24 24
10/21/11 59 43 51 1524 24 24 24 24
10/22/11 63 42 52.5 1576.5 24 24 24 24
10/23/11 63 39 51 1627.5 24 24 24 24
8
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Table 11: Plot of TBS (Total Body Score) for Site 2 (rain noted on 10/19/2011) 
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